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OT3bIB BEJYUIEN OPTAHU3ALIUU

Ha JiccepTalMoHHy10 paboty PagnarapoBa /la0b1 AnexcanapoBuya «CBoiicTBa
pPE30HaHCa KOTEPEHTHOIO INIEHEHWs HACEJeHHOCTeH IIpU HeCTalUOHAPHOM
BO30YXK/IeHHH B Tapax ° Rby, MPeICTaBIEHHYIO HA COMCKAHHE YUeHO CTeleHH
KaHAMgaTa QU3MKO-MaTeMaTHYeCKUX Hayk 1o cnenuanbsHoctd 01.04.05 — OnTuka

AKTYyaJIbHOCTb paboTsl

Hccnenosanue CBOMCTB HeJIMHENHBIX ONTUYECKUX PE30HAHCOB,
BO3HUKAIOIIUX MTPU B3aUMO/IEHCTBUY JIa3epHOr0 U3JIyYeHUs C aTOMAaMH IIETOTHBIX
METajljloB, IIPEeACTaBIsieT COOOW BaXKHYIO 3a7jauy B OOJACTH CIEKTPOCKOIHU U
HEeJIMHEWHON ONTHKU. B mocnennee Bpemsi 0COOBIM HAaydHBIM M IpaKTUYECKHUH
MHTEpEC B JAHHOM 00JIaCTH BBI3BIBAIOT HCCIICHOBaHUs, CBsi3aHHBIE ¢ 3(dexrTom
korepentHoro reHeHusi HacesneHHocred (KITH). OcobGeHHOCTBIO NpOsIBIIEHUS
JIaHHOTO 3((eKTa 3aK/II04aeTCs B BOZMOXKHOCTH BO30Y)XIEHUS U ETEKTUPOBAHUS
y3KOr0 PE30HAHCHOIO MHKa MpoIycKaHus, Ha3biBaeMbiM pe3oHancom KITH, mpwu
B3aWMOJICHICTBUM aTOMOB C OMXpOMaTHUECKUM pe30HaHCHBIM ToyieM. [lpu sTom

Ka4eCTBO pPE30HAHCA T.€C. OTHOLICHHE €ro IHPHHBI K 4acTOTE pe30HaHCa, MOXET
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nocrurats ypoBas 107 — 10, 4ro mo3BoIsSeT MCIONB30BAThH HaHHBIA 3(dexT B
KauecTBE OCHOBBl ATOMHBIX CTaHZApTOB 4YacTOThl. OTHOCHTENBHO OBICTpOE
Mepuoryeckoe BO30YXIAEHWEe AaTOMHOM CHCTEMBI IO3BOJSET  YIYyYIUHUTH
OTHOILIEHHWE CUTHAJ/IIIyM CIIEKTPOCKOIIMYECKOTr0 CHUTHajla 3a CYeT CHUIKEHUS
BKJIaJla HU3KOYACTOTHBIX TEXHHYECKUX IIYMOB, OJHAKO IIPU 3TOM HaOJIIOAaeTCs
3aBUCHMOCTh CBOWCTB pe3onaHca KIIH or w4acrorel Bo3OyxaeHus, T.e.
peanu3yeTcss HECTAIlHOHAPHBIM PeXHM BO30Y)KIEHUS, KOTOPBIA NpeicTaBIseT
co0oif HENOCTATOUYHO HM3Y4YEHHOE SBJICHHE. B CBS3U C 3TUM, BaXKHOW HAYYHOU
3afjaueld  sBIAETCS ~ JIeTAIbHOE  M3yYEeHHWE  HECTAllMOHApHBIX  PEXHUMOB
(popmupoBanust pesoHaHca KIIH. [Torumanue Qu3uyeckux MeXaHHU3MOB U
ocobenHoctedt  GopmupoBanusi pezoHanca KIIH npu HecranuoHapHOM
BO30Y)KJIEHMM TMO3BOJIUT pa3zpaboTaTh HOBBIE MEPCIEKTUBHBIC TMOIXOABI IS
KBaHTOBOW  MeTponoruu.  VI3ydeHWI0O  HaHHBIX  BOIMPOCOB  ITOCBSIIEHA

nucceprauuonHas pabora [[.A. PannatapoBa, uyeM u oO0ycioBieHa ee

aKTyallbHOCTb.

Hayynass HOBHM3HA M @NpaKTHYecKas 3HAYUMOCTb Pe3yJbTAaTOB
AUCCEPTALMOHHON pabdoThI

HayyHass HOBM3Ha NpENCTaBIEHHOW pabOThl 3aKIIOYAeTCs B BBISIBIEHHBIX
ocobeHHOCTAX  (opmupoBaHusi pe3oHanca KIIH mnpu HecranuoHapHOM
BO30YXXJIeHHH B mapax Rb. B YaCTHOCTHU, SKCIIEPUMEHTAIBFHO OBUIO TMOKAa3aHo,
YTO MaTeMaTH4YecKas MOJEJIb Ha OCHOBE YPaBHEHWM JUISl MAaTPULBI IUIOTHOCTHU C
BBICOKOM CTENEHBIO TOYHOCTH OIKCHIBAET JWHAMUKY GOPMHUPOBAHUS IIHKA
pesonanca KIIH, xoTopas He 3aBHCHT OT HAJIMYUS AHTHUPEIAKCAHOHHOTO
NOKpeITHA U OydepHoro raza. [IpoBeneHHbie HcCIeOBaHMs TAKXKe MOKa3alyd, YTO
cBeToBOM caBur pesonanca KIIH moxer ObITh mopaBieH IpHU UCIOIB30BaHUU
MHOIOKOMIIOHEHTHOT'O TOJIsI, (POPMUPYEMOTro MyTeM MOIYJSIUU TOKa JUOJHOIO

Jla3€pa Ha CY6FapMOHHKaX pBBOHaHCHOﬁ HacTOThI, IIPpH KOTOPBIX MOXHO

Habmonate pezonanc KITH.



IIpakTiyeckas 3Ha4MMOCTb Pe3yJIbTaTOB PaGOTHl B MEPBYIO OYepelb CBS3aHA
C BO3MOXHOCTBIO MX IIPUMEHEHUS B KOMIIAKTHBIX M MHHHUATIOPHBIX ATOMHBIX
CTaHAapTax 9acToTbl Ha ocHoBe KIIH. JlanHas Bo3aMOXXHOCTE 00ycioBIEHa TeM,
YTO OCHOBHBIE OSJIEMEHTBHI IKCIIEPUMEHTAbHOM YCTAaHOBKHM, MHCIIOJB3YEMON B
JIAHHOH paboTe (OMOAHBIA Jasep, ONTHYECKHE SYEHKM M T.1.), MOTYT OBITh
HEIIOCPENCTBEHHO IIPUMEHEHBl B COCTABE MHHHUATIOPHOTO aTOMHOIO CTaHjapTa
yacToThl. IlosTomy paspabGoTaHHBIE METONBI M IOAXOABI, BKIIOYAS CHUKEHHE
snepronorpedsenne CBY Tpakra myTeM CHIDKEHHsI ero pabodell 4acToTHl mpu
MCIIOJIb30BAHUM CYOrapMOHHK PE30HAHCHOM YacTOTHI, CTAOUNM3AIUSI JUTHHEI
BOJTHBI U3JIy4YCHHS II0 KOMIIOHEHTE cIieKTpocKkonuveckoro curnana KITH, moryt
MMETD NPAKTUYECKOe IPUMEHEHHE IIPK Pa3paboTKe aTOMHBIX CTAHAAPTOB YAaCTOTEI
Ha ocHoBe 3¢ pexra KITH.

Jl0CTOBEPHOCTH BBIBOJOB M HAYYHBIX MOJIOKEHHU i

JlOCTOBEPHOCTh MOJTYYEHHBIX ABTOPOB DE3yJILTATOB IMOATBEPIKIACTCS TEM,
4TO OHH COMJIACYIOTCA C PEe3yIbTaTaMU aHAIOTUYHBIX MCCIIEIOBAaHUH, MTOyYEeHHBIX
B DPsALE OTEUECTBEHHBIX W 3apyOeXHBIX JlabopaTopuii, HOKJIaIbIBAKCH HA
MEXlyHapOZHBIX KOH(MEPEHLHAX U OMyOIMKOBaHEI B BEAYIIUX OTE€UECTBEHHBIX M
3apy0exHBIX XKypHATax

CrpykTypa ancceprauun

Jluccepranus comepyxut 124 cTpasHuupl TeKcTa, BKIOUYAET 53 pHCyHKa, |
TabJuily, U COCTOMT M3 BBEJEHMS, INECTH IJaB, 3aKIIOUCHHS, IPUJIOKEHUN U
CIIMCKa TUTEPaTypPhl, BKIKOYAIOIEro 84 HaMeHOBaHUSL.

BBepenue coeput 060CHOBaHIE aKTyalbHOCTH TeMbI, HAyYHON HOBH3HbI,
(GyHIaMeHTaTBHOMI u IPaKTUYeCKOH 3HAYUMOCTH HCCIIeZIOBaHUS,
chopMyMpoBaHEl Lend paGoThl. I[lpuBeeHbl MOJNOXKEHUS, BBIHOCUMBIE HA
3aLIATY.

I'naBa 1 coumepXUT ONKMCAHHE OCHOBHBIX TEOPETHYECKUX IOJIOKEHMUIA,
OTHOCSIIUXCS K 3((QEKTy KOrepeHTHOro IUIEHEHMs HaceleHHOcTeil. Tam ke

ITPOBC/ICH aHaJIu3 JIMTCPaTyphl IO TEeMe AHCCEPTAllHU, NPEenCTaBJICHO COCTOAHHE



NpoOJEeMBbl UCCIIEIOBAHUS, NIPOAHAIU3UPOBAHBEl IOJyYEHHBIE paHee KIIOueBble
pe3yJbTaThl 10 JaHHOU TeMe.

I'naBa 2 T1OCBfIIEHA CpPAaBHEHWIO pe3yJbTAaTOB TEOPETHUECKOTO U
3KCIEPUMEHTAJILHOTO HCCIEeJOBaHUSI TUHAMUKU (opMupoBanusi pesonanca KITH
Bo30ykgaemMoro B mapax pyoumus-87. B riaBe [NpUBOAMTCS — ONHUCAHHUE
TEOPETUYECKOr0 MOJENX, KOTOpas MCIIONb30Balach Ui OIMCAHUS JUHAMUKU
GopmupoBanusi pe3oHaHnca B A-cucTeMe IMOJ| BO3IEHCTBHEM OHXPOMATHYECKOTO
MOJIsl HA OCHOBE YPaBHEHUHM Uil aTOMHOW MAaTpHUIBl IUIOTHOCTH, OIMCaHa
OKCIIEPHUMEHTAJIbHAsT yCcTaHOBKA. [loka3aHO, 4TO pe3ysbTaThl PAcUETOB XOPOLIO
COIIACYIOTCS C Pe3yJIbTaTaMM JKCIIepuMeHTOB. [loka3zaHa, B 4aCTHOCTH, XOpOIIas
COIVIACOBAHHOCTh  PACUETHBIX M  OKCIEPUMEHTANbHBIX 3aBUCUMOCTEH  [is
WHTEHCUBHOCTHU U3JIy4YCHUS, POLLEIIIEro Yepe3 sYeiKy, oT (pa3bl MOIYJISILUU TIPU
pa3IUYHBIX YaCTOTaX BO30OYKICHHUSL.

I'naBa 3 nocesieHa TEOPETUUECKUM U HKCIIEPUMEHTAIBHBIM UCCIIEIOBAHUSIM
BIIMSAHUS T1apaMeTpPOB HecTalMoHapHOro Bo30yxkneHus peszoHanca KIIH, Ha
KOHEYHYI0 CTaOMIBHOCTH aTOMHOIO CTaHAApTa 4acTOThI HAa ero OCHOBe. BbuIO
[MOKa3aHO, YTO YCJIOBHMSI HECTAl[IOHAPHOIO BO30OYXKIECHUS, & MMEHHO 4YacToTa U
aMIUIMUTY/la CKaHUPOBAHUS pPE30HAHCA, KPUTUYECKUM OoO0pa3oM BIHUSIOT Ha
UTOTOBYIO CTaOmiIbHOCTh. Hanbosee BaHBIM pe3ysbTaTOM 3TOH IJIaBhbl SBIISETCS
JI0Ka3aTeNbCTBO (DaKTa, 3aKIIFOYAIOIIErocs B TOM, UYTO HAMJIydIinas CTaOMIIBHOCTE,
aTOMHOIO cTaHjapra (BHE 3aBUCUMOCTM OT HAJIWYUS WM  OTCYTCTBHUS
AHTUPEJIAKCAIlMOHHOIO0 IIOKPBITUSI B s4eiKe), MOCTUraeTcsl, KOrja OTHOIIEHHE
4aCTOThI ¥ aMIUIUTY Il CKAaHUPOBaHUsI OJIM3KO K 1.

I'naBa 4 cojaepkuT pe3yabTaThl MCCIIEIOBAHUS, HAlpaBlieHHble Ha
yBenudyeHue KoHTpacta pe3onaHca KIIH mpu ucronb3oBaHuM AOMONHUTETHEHOM
NeTau OOpaTHOM CBSI3H, YIPABJSIOMIEH MOIIHOCTBIO ONTHYECKOTO H3JTyYeHHS.
Briepsrle 1mnokasaHo, 4YTO METOJ Ha OCHOBE CTa0WIM3allUd HHTEHCUBHOCTH
JIOMUHECUEHUUN II03BOJIAET YBEJIMUYUTHh KOHTPACT B HECTALMOHAPHOM DPEXHUME
Bo30yxneHuun Oonee, yem B 13 pas. Pa3zpaGoTaHHBIH HOBBI METOJ Ha OCHOBE

HapameTquecxoﬁ CTH6HHH33L[HH JIMHEUHOU KOMGHH&HHH MOIIIHOCTH H3JIYUCHHA



HAKAQYKd M TIOMVIOLIEHHOM MOILHOCTH IPOJEMOHCTPUPOBAN, BO3MOXXHOCTH
YBEJIMYECHUS KOHTpacTa pe3oHaHca B 25 pa3. Taku oOpa3om, Henaercsi BHIBOJ, YTO
pa3paboTaHHBIH METOJ Ha OCHOBE IMapaMeTpU4ecKoW CTaOWIM3aLuu SBISIETCS
Oosiee > PeKTUBHBIM METONOM YyBenudeHWs KoHTpacTa pesonanca KIIH npu
MaJIbIX MOLHOCTSX U3JIy4YECHUsI HAKAUKHU.

I'maBa 5 COHEPXXUT OPUTMHAIBHBIE PE3yNbTaThl  CPaBHUTEIBHOIO
uccnenoBanus  cBodMcTB  pesomanca KIIH mpu  ero  Bo3OyxmeHuu
MHOTOKOMITOHEHTHBIM H3JIyueHHeM, (OPMHUpPYEMbIM MpH (Pa30BOH MOAYJISLUH
OJIHOYACTOTHOTO H3JIy4eHHs] Ha CyOrapMOHMKax 4YacTOThl CBEPXTOHKOIO
paclEeIUIeHUs OCHOBHOT'O COCTOSIHHSI aTOMOB pyouaus-87. beuio mnokasaHo, B
4aCTHOCTH, 4YTO Ui BO30yXAeHUs pe3oHaHca Ha D TMHUK MOXXHO MCIIONB30BATh
MHOIOYacTOTHOE M3JIyYeHHe JHUONHOrO Jiazepa, TOK MHXEKIUH KOTOpPOro
MOMYJIUPYeTCs Ha CyOrapMOHMKAaX Pe30HAaHCHOM 4acTOTHI B Juara3oHe oT /2 no
f/5, rme f — pesonHaHcHas u4acroTa. BaXHBIM CclIeICTBUEM MPUMEHEHUS
BO30YXXIeHUSI MHOTOKOMITOHEHTHBIM H3ITyYeHHEM 3aKIIYaeTcsi B BO3MOXKHOCTH
nojasieHuss noneBoro cxasura pesonanca KIIH npu  wucnonszoBanuu
cyOrapMOHUK.

B I'naBa 6 npuBomaTCs pe3ybTaThl MCCIECIOBAaHUS METOJa CTaOWIM3aLUU
JUIMHBl BOJIHBI M3JIy4YeHMS Jla3epa HAKauykd B QTOMHOM CTaHJapTe 4acTOTHI I10
curnany pesonanca KIIH d¢opmupyemoro mytem aMIaiuTyJHOW AEMOAYJNSIIUU
CIIEKTpOCKONUYeckoro currana. [lokazaHo, 4TO NpH HCIOJB30BAHUM SYEEK C
OydepHbIM Tra3oM 3aBHCUMOCTH BbIOpaHHON cocraBistomed curHama KITH
3aBUCHUT OT OTCTPOMKHM JUIMHBEI BOJIHBI M3JTyYEHHUS OT LEHTPA JUHUAM IMOIJIOLLEHHUS,
HMeeT XapakTep AUCIEPCHOHHOM KpHUBOH M MOXET OBITh HCIIONB30BaH IIpU
crabuinM3aluy JUTMHBI BOJIHBI U3iiydeHus. [TokazaHo, YTO MCIIONB30BaHUE NAaHHOU
METO/ia MO3BOJISET MOIYYUTh HECTAOMIBHOCTH ATOMHBIX YACOB HE XYy)Ke, UeM IIpH
UCIIOJIB30BAHUM CTAaHAAPTHOIO METO/Ia Ha OCHOBE MOZYJISILIUY JUIMHBI BOJIHBI.

B 3akil04eHHHM CYMMHPYIOTCS OCHOBHBIE MTOIM pabOTbl U MpPUBEIEH

[IEPEYCHb OCHOBHEBIX PE3YIIETATOB.



3ameyaHusi Mo coaep:KaHUIO JHCCEPTANHOHHON PaboThI:

1. B I'mase 4 npuseneHo onucanue IByX 3GHEKTUBHBIX METOIOB MOBBIICHHSI
KoHTpacta pe3oHaHca KIIH kak B KBa3sUCTALMOHAPHOM, TaK U B
HECTALlMOHAPHOM  peXumax BO30YyKIeHMUs, IPUMEHEHUE KOTOPBIX
II03BOJIUJIO ITOBBICUTH KOHTPACT KaK MUHHUMYM Ha IOpPsJIoK. Mexay TeMm , B
sroii  [maBe Hukak He oOcyxpaaercs  BIUSHUE  JIOCTUIHYTOI'O
KOHTPacTUpOBaHUs Ha MeTposorudeckue xapakrepuctuku KITH cranpapra
(HecTaOMIBHOCTH BOCIIPOM3BOJMMONM YacTOTHI, BpeMs BBIXOJa Ha paboumid
pexuM H© T.JI.). CoOTBeTCTBYIOILIME PE3yJIbTaThl W3MEPEHUH HTUX
XapaKTepUCTUK TaK)Ke OTCYTCTBYIOT.

2. B I'maBe 1 TeopeTHUecKu U 3KCIIEPUMEHTAILHO KCCIIE0BAHa 3aBUCHMOCTD
(azoBoit 3anmepxxu popmupoBanus muka pesoHanca KITH xax ¢yskuuu
9acTOThl BO30yxaeHus. Eciu mpy ManbIX 9acToTax MOAYNALMH COTIIacHe
TEOPUM W DKCIIEPUMEHTa SBISETCS YAOBIETBOPUTENBHBIM, TO C POCTOM
YacTOTBl PEe3yJIbTAaThl TEOPHM M OKCIEPUMEHTa JOBOJBHO CHIIBHO
pacxojsrcs. fBnsercs au 3TO pacXOXXJIEHHUe CIEJCTBUEM HECOBEPILISHCTBA
MOJIEJIH, [TO0JIO)KEHHOM B OCHOBY TEOPETHYECKOro pacuera?

3. Jlng 1NOBOJIBHO IIMPOKOrO Kpyra 3aiad U 3((eKToB, NPe/CTaBICHHBIX B
JIMCCEPTaLIMOHHON pabore, Obul Obl KpaliHe YMECTHBIM aHaJM3 HX
3aBUCHMOCTEN OT TEMIIEPATYPBIL.

Crnenanuble 3aMedaHMsl HOCSIT B 3HAYUTEIBHON CTEIEHH
PEKOMEHJATeNbHbI XapakTep M CYLIECTBEHHO He BIUAIOT Ha OOIIyIo
TIOJIOXKUTEIBHYIO OLEHKY JUCCEpPTaIHH.

3akaovyenune

OnenuBas nuccepranroHHyo pabory Pagnaraposa [laber AnexcannpoBuya
B 11€JIOM, MOXKHO CJIENIaTh CIIEAYIOLIEe 3aKII0YCHHE:

- TeMa JHCCepTalMu aKTyallbHa, JUCCepTalsi MpeAcTaBisieT coOoi
3aKOHYEHHYIO Hay4YHO-KBaIM(PUKALMOHHYIO paboTy, B KOTOPO# pelleHa Hay4yHas
3a7a4a  UCCIIEZIOBaHUsl  CBOMCTB ~ pe30HaHCa  KOIEPEHTHOro  IJIeHEHUS

HaCeJeHHOCTEN P Pa3HBIX HECTAIIMOHAPHBIX PEXUMax BO36Y)KI[6HHJFI B Iiapax



pyOummsa-87 ¥ BIMSHUSL IapaMeTpOB PEXUMOB BO30YXIeHUsS Ha CTaOUIBHOCTD
aTOMHOTO CTaHJapTa 4acToTsl Ha ocHOBe 3¢ dexra KITH.;

- pe3yabTaThl JUccepTaluy o0JaNaroT HAayYHOW HOBU3HOM, NMPaKTHYECKOMN
3HaYMMOCTBIO, MPOLUIH anpobaluio, B AOCTATOYHOM CTENEeHU MIpPECTaBlIeHBl B
HAyYHBIX TPyJAax aBTOpa;

- Ppe3ynbTaThl JUCCEPTALMOHHBIX MCCIEAOBAHUN KMEIOT IepCIEeKTUBY
WICTIONIB30BaHUSL NpU pa3paboTKe CTaHIAPTOB YacTOTHl HOBOTO IOKOJEHUS Ha
KITH-s¢¢exre;

- JAuccepTauus CcooTBeTcTByeT TpeboBaHusM «llonoxkeHuss o mopsake
NPUCYXKICHHUS YYEHBIX CTeleHeW» Bpicliell arrecTallMOHHOM  KOMHUCCHU
MuuoOpHayku Poccum, npenspsBisieMbIM K KaHIUAATCKUM JUCCEPTALUSIM, a ee
aBrop PanmmarapoB Jlaba AnexcaHIpoBHY 3aciy’XMBaeT IPUCYXKIEHHUS yUEHOU
CTENEHH KaHAuIaTa (PU3MKO-MaTeMaTH4YeCKuX HayK 1o crierranbHocta 01.04.05 —
Onruka.

Or3piB  Bemymielf oOpraHM3allMi COCTaBIEH HAa OCHOBE OOCYXIEHMs
CoZiepXaHUs AUCCEepTallMOHHONW paboThl Ha 3acemaHuu YueHoro cosera PI'YII

«BHUMOTPW» (cexuust Ne 7, mpotokon Ne 3 or 28.04.21 r.).
Cexperapp Yuenoro coera ®I'YIT «k BHUWDTPU» (cexiust Ne 7)
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